Volatile molecules are critical to habitability, yet difficult to observe directly at the optically thick midplanes of protoplanetary disks, where planets form. We present a new technique to measure indirectly the bulk atomic composition and distribution of solids that have been removed from the gas accreting onto the young star TW Hydrae. Our results suggest that disk gaps and planetesimal formation in TW Hya efficiently prevent radial drift and effectively block replenishment of the inner disk solids from ice reservoirs. Volatile-enhancement of giant planet atmospheres cannot be explained by primary accretion of this gas. Half of the missing oxygen is locked in silicates inside the snowline, while carbon is predominantly locked in organics beyond the CO snowline, leaving terrestrial planet-forming region solids both 'dry' and carbon-poor. Earth's depletion of carbon could be common amongst terrestrial exoplanets.
these elements, so we fit a linear combination of all three bodies to the C, N, and O abundances ( Fig. 1B, inset ). Without UCAMMs, N is underfit by a factor of 6.5, while O is overfit by a factor of 1.4, both statistically significant. Without 67P, O is underfit by a factor of 1.8, also significant and indicative of the critical role played by cometary water ice in the oxygen budget.
Combining all three bodies matches the TW Hya solid abundances within the uncertainties of the solar system body abundances and these data. We find that ~80% of carbon and 90% of nitrogen in TW Hya's sequestered solids are locked up in UCAMM-like material ( Table 1) .
Conversely, 56% of oxygen is locked in chondritic grains, with half of the remainder as water ice in cometary material. The O budget is clearly dominated by refractory materials, but the refactory fraction for C and N depends heavily on how one classifies UCAMMs. Obviously their survival of atmospheric entry to Earth indicates that the remaining material is refractory, but they are thought to arise through extensive radiation of C and N-rich ices on the surfaces of KBOs, which would argue in favor of a volatile classification.
If we assume that the chondritic, cometary, and UCAMM-like material are in locations analogous to our solar system, then our results are consistent with solid locking at multiple locations within the disk, both interior and exterior to the water and CO snowlines. Carbon-and nitrogen-rich material piles up outside of the CO and N2 snowlines, which are located at 21 AU (14, 23) and 38 AU, corresponding to the location of TW Hya's outer rings (Figure 2A) (24, 25) . This locked material could represent millimeter-sized grains trapped in the pressure maxima created at the inner edge of each ring, without requiring planetesimal formation. Likewise, oxygen in chondritic material could be associated with either the trap at the outer edge of the gap at 1.5 AU or the unresolved inner disk from 0.3 -0.5 AU (26) . However, the cometary material, which contains 39.3% of the total locked oxygen, is not associated with any observed pressure maxima or gaps.
The observed water snowline (4 AU, 27) is well behind the inner edge of the main disk. Therefore this material must be prevented by some other mechanism, such as growth to planetesimal sizes, from drifting across the water snowline. These results suggest that dust locking in rings or large bodies efficiently prevents inner disk volatile replenishment by transported solids.
As a check on the refractory fractions, we calculate the locking efficiency of carbonaceous solids by an analytic method [see supplemental materials]. Dividing the disk into three zones at the CO snowline and dust inner rim ( Fig. 3 ), we take representative CO/H2 averages of 50 and 100 in zones 2 and 1, respectively, from spatially resolved ALMA observations (9) and convert them to C/ H by assuming that all of the gas phase C is in CO. Comparing these to the carbon abundance in zone 3 allows us to determine what fraction of the initial carbon mass remains locked into the disk solids, and whether it is locked primarily in zone 1 or zone 2. Assuming the carbon present in the UCAMMs counts entirely towards the refractory fraction, we have a carbon refractory fraction of 0.98, and locking efficiencies of 0.749 and 0.249 in zones 1 and 2, respectively. If instead one assumes the carbon refractory fraction of 0.83 observed in comet 67P (20) , then the zone 1 locking efficiency increases to 0.97, at the expense of zone 2, 0.027. If we assume the carbon locking efficiency of 0.806, found from the earlier three-body combination fit, then only 0.2% of carbon is accreted onto the star and the solid refractory fraction is 0.974. This high value could be due to the age of TW Hya; if an earlier generation of icier solids had drifted past the CO snowline, then the settling of small, ice-free grains to the midplane would enhance the refractory fraction of the midplane solids at later times. This scenario could be tested by comparing present day stellar abundances with the assumed input abundances for the outer disk.
To summarize, we piloted a novel method to determine the bulk atomic composition of unseen solids locked at the midplanes of protoplanetary disks, using the TW Hya disk. Comparing the abundances of these solids with those of solar system bodies reveals that a combination of chondritic, cometary, and ultra-carbonaceous materials is necessary to reproduce our results. Carbon and nitrogen are mostly locked in dust traps at the inner edges of the submillimeter rings beyond 20 AU, and a majority of oxygen is likewise locked in dry silicates at the ring edges between 0.3 and 2 AU. However, a quarter of the total oxygen budget may be locked in icy planetesimals, instead of dust traps, beyond the water ice snowline at 4 AU. Locking of solids chemically isolates the inner disk, preventing replenishment of refractory carbon and water. These results suggest that any terrestrial planets forming in TW Hya from the remaining solids will be relatively 'dry' and carbonpoor, similar to those in our solar system. (19, 20) , and UCAMMs (violet triangles) (21, 22) . 
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Observational details
We observed TW Hya with the FIRE spectrograph (30) 
Determination of nH
Recently, these atomic carbon emission lines were shown to originate inside the dust sublimation radius in a sample of T Tauri stars with full disks and used to determine their neutral carbon column densities (15) . That work provided a conversion of NC to C/H, but did not provide a way to measure NH directly, or measure other critical elements, e.g. O or Si. Atomic hydrogen ! 2 is easy to detect in the near-infrared through the Paschen (Pa) and Brackett (Br) recombination emission line series.
Traditionally, in T Tauri stars these lines were interpreted as arising in a combination of the magnetospheric accretion columns connecting the inner, gaseous disk to the stellar photosphere and stellar winds, with a wide range of temperatures and densities (32) . For TW Hya using the full line fluxes of the Pa and Br series, electron densities and temperatures of ne ~ 10 12 -10 13 cm -3 , corresponding to NH ~ 3.4×10 20 -9.1×10 21 cm -2 , have been inferred for the stellar accretion shock (33) . However, recent interferometric observations of disks have shown that the emitting region of these lines extends into the inner 0.1 AU of disks around T Tauri stars (34) . If one could kinematically isolate the inner disk component from that of the accretion columns, then NH could be directly compared with NC.
We took advantage of the multi-epoch observations to explore changes to the H 0 emission line morphology using time differential spectroscopy. Using an existing sigma-clipping LOESS fitting script (35), we determined, and subtracted off, the continuum under the lines of interest in each spectrum. For the Ca +1 , O 0 , C 0 and S 0 lines, we integrated the spectra over the blended lines and list the fluxes in Table S1 . For the non-detected strong lines, we integrated over the continuum rms value to obtain 3σ upper limits. The hydrogen lines required special treatment to kinematically isolate the inner disk emission. In Fig. S3A , we show the local continuum subtracted spectra around the H 0 Paschen γ line for the 2010b and 2013 epochs in velocity space.
Both emission lines are centered around the stellar rest velocity, with the 2013 spectrum as the stronger of the two, and both clearly have structure in their wings. The 2013-2010b subtraction residuals reveal this structure to be an inverse P-Cygni profile, with peak emission at -143 km/s ! 3
and absorption at +124 km/s, consistent with expected velocities for the stellar magnetospheric accretion columns (36) . The strengthening of these features is indicative of more material in the accretion flow onto the central star in the 2013 epoch. Chemistry and radiative transfer model
We constructed a slab model of the overdensity in the inner disk and calculated the emergent flux density ratios for a grid of nH and atomic abundances using version 17.02 of the photo-ionization code Cloudy (16) . This code also includes a chemical network with atomic and molecular opacities appropriate to the hot, dense, dust-free region interior to the inner dust rim, which enables the radiative transfer calculation in the absence of dust opacity. As in our previous work with carbon line emission (15) , we enabled the larger H2 molecule module in Cloudy (37), as the physics and chemistry of molecular hydrogen is critical at these small radii.
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The slab was heated by a combination of irradiation and viscous dissipation. We created a composite radiation field from ATLAS9 stellar models with solar metallicity (38) at the stellar effective temperature and luminosity, Teff, = 3850 K with Lstar = 0.3 Lsol, and the stellar accretion shock temperature and luminosity, Tshock = 8000 K with Lshock = 0.01. There is an additional contribution to the radiation field from X-rays, assuming a 10 MK bremsstrahlung emission spectrum, with a luminosity of LX=10 30 erg/s between 0.3 keV and 10 keV (39) . Accretion heating was enabled using the Hextra keyword, assuming an α of 0.01, the stellar mass Mstar, and a radius half-way through the slab. The slab extended from the assumed disk co-rotational radius at 3 stellar radii (Rstar = 1.1 R ☉ ) out to 0.024 AU, with a radially dependent power-law hydrogen density of power -2. We chose the outer radius of the slab to be the size corresponding to the distance over which gas would viscously accrete in the TW Hya system on the timescale between the 2013 and 2010 epochs.
The hydrogen flux ratios produced by the model indicate an increase from log (nH) = 14.2 to log (nH) = 14.55 between 2010 and 2013, consistent with scenario sketched in Fig. S3C . We assume that the presence of weak C 0 and S 0 features in the 2013 spectrum is an indication of a minimum density needed to see them, rather than a change in their abundance relative to H during this time. At these densities, the main 'ionization' process for hydrogen is through charge exchange collisions with sulphur. To determine X/H for a variety of elements, we first determined S/H from the observed blended S 0 /Paγ flux ratio, confirmed that the Paβ/Paγ ratio was still valid, and then fit the remaining X/H in order of most decreasing solar abundance, checking that the Paβ/Paγ ratio remained within the observed uncertainties. The resulting ! 5 abundances are given in the last column of Table S1 and visually in Fig. S4 , and the analysis is conducted in the Main Text.
Radial lock-out toy model
As an independent check on the location where carbon is locked out of the accreting gas,
we formulate a toy model. We define the model as a parcel of gas that initially sits in the outer disk but is radially transported via accretion processes through the disk to the launching region for the stellar magnetospheric accretion columns. The parcel has an initial gaseous carbon mass Mg,0, from which solid carbon condenses out with mass Md,1 = Mg,0 -Mg,1, leaving a depleted carbon gas mass of Mg,1. The solid carbon component can be split into dust that is more refractory than CO, with fraction fr, and volatile dust in the form of CO. The grains are assumed to move radially along with the gas, unless it is locked out of the accretion stream. This locking could be caused either by the gas decoupling and entrapment of larger, millimeter-sized dust grains at pressure maxima or by the formation of bodies that are large enough to neither accrete with the gas nor radially drift. The model is agnostic to the exact locking mechanism. We do not consider complications from decoupling of the gas and non-locked dust due to radial drift; we assume that this dust simply moves with the gas. We define a fraction of the dust, fL,1, that is locked in some manner, while the remaining dust exists in small, coupled grains that accrete with Table S1 .
Observed atomic emission lines, integrated fluxes, and fitted abundances for the slab model. 
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